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1.   Introduction 
 
This paper is actually the extension fro
been done by Ruzinoor [16]. The differe
data used in this paper are created using 
technique. The aim of this paper is to 
silhouette rendering algorithms could
using a data that have been extrac
topography map. Vectorisation techniqu
convert a contour data in topography ma
to vector and then processed the data in
terrain data. These can be done 
vectorisation software call R2V Able [
then converted into the format that 
existing 3D silhouette software [22]. Th
map chosen in this paper is Sik Distri
The evaluation of the effectiveness 
rendering algorithms in terrain visualis
discussed in this paper. The silhouet
algorithms used in this paper is stil
Method which introduced by Raskar and
and adapted by Liu [10]. These algorithm
successfully proved by Ruzinoor [16] 
terrain image as silhouette style. 
 
2.  Related Work  
 
In recent years, most of the researchers
their attention away from photorealism
developing non-photorealistic renderin
(NPR) in a variety of style and simulate
as technical illustration[5], watercolo
graphite pencil [18]. This paper falls wi 
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al world today are more toward non-photorealistic rather than photorealistic. 
 of the technique that important in creating non-photorealistic image. It has 
tions such as game engine, communicating shape, cartoon rendering and 3D 
s how silhouette rendering algorithms could be created using a data that have 
map. Contour data from a topography map are convert from raster to  vector 
 terrain Digital Elevation Model (DEM) data. The vectorisation software has 
e data then convert into the format that suitable for existing 3D silhouette 
ible terrain images of Sik District, Kedah that are closer to human drawn 
.  
te, vectorisation  and topography maps. 
m what has 
nt is that the 
vectorisation 
explore how 
 be created 
ted from a 
e is used to 
p from raster 
to DEM grid 
by using a 
1]. The data 
suitable for 
e topography 
ct in Kedah. 
of silhouette 
ation is also 
te rendering 
l Wireframe 
 Cohen [13] 
s have been 
in producing 
 have turned 
 and toward 
g technique 
d media such 
ur [3], and 
thin the area 
of NPR, which was defined by Green et al. [6] as 
concerned with producing imagery that look as if an 
artist had drawn it.  NPR has also described by 
Hertzmann [7] as "any attempt to create images to 
convey a scene without directly rendering a physical 
simulation". The purpose of this technique is to 
produce images that appear to have been drawn by 
hand. 
        The work that has been done by Ruzinoor [16] 
is very much related to this paper. He proposed a 
new technique of NPR by representing the terrain 
using silhouette rendering algorithms which used 
wireframe method. The results shown that silhouette 
rendering algorithm could used in 3D terrain 
visualization and given very promising terrain image. 
Balaz et al. [12] used an interactive NPR system, 
which proposed for fast viewing of different types of 
data sets without assuming any a priori knowledge 
about the density value. They have shown that using 
a simple contour enhancement approach different 
important detail can be visualized simultaneously. 
Different with Green et al [6] which introduce 
interactively display of a custom shaded model and 
edge lines. However, the reality is that NPR software 
(Piranesi) is now available on the market [14], which 
has a capability for rendering any 3D image as a 
Non-photorealistic image. 
 
Silhouettes Edges Detection 
 
Rendering objects in an artistic style requires the use 
of edges to highlight different areas of the object. 
Many times the silhouette edges of the object are also 
drawn to clearly delineate the object. The method for 
detecting silhouette edges is fairly straightforward. 
The basic approach is to find edges that are shared 
between front facing and back facing polygons. A 
front facing polygon is defined as a polygon whose 
normal points towards the viewer. 
 
Lake et al. [9] have defined the silhouette edge as 
“the edge shared by a front-facing and a back-facing 
polygons (see Figure 1.0). The silhouette in each 
frame, can be found by taking the dot products of the 
face normal of the two faces adjacent to an edge with 
the viewing vector (see Equation 1.0) and comparing 
the product of these two dot products with zero. If 
the result of this computation is less than or equal to 













































techniques. Their method was directly inspired by 
Markosian et al. [11] that produce real time 
silhouette renderings of a polygonal model. This 
algorithm starts with finding the silhouette edges and 
information for shading, tests the edges for 
occlusion, and then draws the edges and shading 
information. 
 
The work done by Raskar and Cohen [13] 
renders the silhouette edges using a traditional 
polygonal rendering setup. The silhouette edges can 
be rendered by simply pulling the back-facing 
polygons towards the camera. This technique does 
not require pre-processing or adjacency information 
for dynamic scenes. The pseudo-code to render 
silhouette edges in black on white background are 
described below:- 
• Draw background with white colour. 
Silhouette Edge = (face normal1.eyevect) * (facenormal2.eyevect) ≤ 0
 
Equation 1.0 
• Enable back face culling, set depth function 
to “Less Than” 
• Render (front facing) polygons in white. 
• Enable front face culling, set depth function 
“Equal To”. 
• Draw (back-facing) polygons in black 
wireframe. 
• Repeat for a new viewpoint. 
 
        These methods of producing silhouettes are 
called the general method. Raskar and Cohen [13] 
provided three techniques for rendering the  
Figure 1.0: Silhouette edge detection 
 (Image from Lake et al. [9])       Hertzmann [7] has provided an extensive review 
n silhouettes and the survey of the technological 
roblem for finding visible silhouettes of 3D 
rfaces. He mentioned that "silhouette are important 
oth perceptually and aesthetically. Efficient 
lhouette detection is an interesting technical 
roblem, because silhouettes typically occur only in 
 few places on a 3D shape at any given moment". 
       The use of silhouette edges has been discussed 
y several researchers, Saito and Takahashi [17] 
owed how silhouette edges can be used to enhance 
e display of images. The silhouette edges can be 
ndered by highlighting the discontinuities in the z-
uffer derivative. In a similar fashion creases or folds 
 the image can be rendered by highlighting 
iscontinuities in the second derivative of the z-
uffer. Rosignac [15] used the z-buffer to render 
lhouette edges by first rendering the object in white 
en rendering the scene in thick wire-frame mode. 
he polygons in the second pass are pushed away in 
e z direction. This results in a silhouette display of 
e objects. 
      Bremer and Hughes [2] have using ray tracing 
chnique for rendering the silhouette. The aim of 
is technique is to produce a non-photorealistic 
ndering of an implicit surface. Silhouette and some 
ading near silhouettes are rendered using these 
silhouette, namely a) Wireframe Rendering b) 
Translated back-facing polygons c) View-dependent 
modification of back-facing polygons. In each of 
these methods the front facing polygons are rendered 
first with z-buffer write enabled. The back facing 
polygons are then rendered using one of three 
methods to produce the silhouette edges. This is an 
extension of the work presented by Rossignac [15]. 
Ruzinoor [16] and Liu [10] have adapted the first 
technique for highlighting silhouettes. Ruzinoor [16] 
has been adapted these technique to be used in 3D 
terrain visulisation and proven to be very useful for 
creating terrain image. This paper extends what has 





The current vectorization methods can be classified 
into three categories: thinking-based [4], contour 
based [8], and Run Length Encoding (RLE)-based 
[19]. Thinning-based method usually employs an 
iterative boundary erosion process to remove outer 
pixels, until only one-pixel-wide skeleton remain. 
The contour based method extracts image contours 
first then finds the medial axis between the contours. 
The RLE method constructs a line adjacency graph 
after computing the run-length encoding of an image. 
This paper applied the second technique which 
involve contour based method for creating grid 
terrain data. 
 
3.  Implementation 
 
Borland C++ Builder Version 5.0 was used for 
adapting Raskar and Cohen [13] demo program, 
written in Visual C++. A successful 3D-terrain 
model was developed by reading the DEM data from 
the file. The simple Graphical User Interface (GUI) 
was built using the Forms on Borland C++ Builder 
and produced a user-friendly environment for the 
user. The DEM grid file data that produce from R2V 
software then was converted into the data style which 
can be read in 3D silhouette rendering algorithm 
software. The converting program was done using 
Visual C++ programming. Then the converting file 
was applied into the 3D silhouette rendering 
algorithm software and produce 3D terrain image in 
silhouette fashion (see Figure 2.0). 
        The code for the 3D silhouette rendering 
algorithm was written in an object oriented fashion. 
The advantage of using Borland C++ Builder is that 
it makes easier to implement the Graphical User 
Interface (GUI) and also creates a professional 
appearance.  Other than that, by writing code in 
object oriented fashion, it makes it easier to extend 
this program for another purpose. This program runs 





















4.  DEM Data Construct
 
The data that were used
from an original topograp
in this paper is Sik Distri
areas that has been scan
which is Bukit Jelutong 
Bukit Tok Bidan, Bukit T
(see Figure 3.0). The area
all topography maps in K
most promising contours 
modelling. For example, Bukit Jelutong Dua have the 
highest peak and Bukit Tok Bidan is the lowest peak 
in Sik District. This criteria was chosen as to get a 
good terrain image, the area needs to have many hill. 
For the purpose of evaluating the results in the next 
section, a DEM grid data from Gunung Kemerlong 
has been chosen. 
        
       The aim of this section is to explain how the 
DEM grid data was constructed from a topography 
map. Then the DEM grid data was applied to the 3D 
silhouette programming in order to produce 































Figure 3.0: Gunung Kemerlong data scanningtitlion 
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1. Data Scanning from a topography map2. Decrease Colour Depth of the image 3. Editing Colour Palette 4. Editing Contour Line5. Convert the image from Raster to Vector 6. Overlay Line ID’s 7. Setting Contour Line Value 8. Create 3D DEM Grid File
5.  Evaluation, Result and Discussion 
 
This section discusses and evaluates the results of 
this paper. Gunung Kemerlong has been chosen as 
the area for investigation. The chosen techniques 
seemed appropriate for this project and were 
evaluated to establish whether they can produce 
perceptually appropriate results for terrain 
visualisation. 
 
         For investigation on this method, there are 
many different approaches have been used for 


























     Figure 3.0:Comparison of different rendering. 
 
 
      The aim of this testing is to show that by 
representing the DEM as a silhouette, the 
information of the terrain can still be perceived by 
the user. It means that the photorealism can be 
changed to non-photorealism. The results show that 
the silhouette rendering captures from Gunung 
Kemerlong has shown clearly the hills and valleys as 
silhouette. It seem that the terrain image produced 
from silhouette gave better results than terrain image 
produced from shading. 
 
        The second approach involves setting the 
different camera projections for displaying the terrain 
image. The camera projection includes perspective 
and orthographic. Figure 4.0 shows the comparison 
between these two camera projections. The result  
shows that the silhouettes are best represented by 
orthographic camera projections rather than 
perspective camera projections. The silhouettes in 
perspective camera projections are seem close 
together in which makes them difficult to 
comprehend. The silhouette represented by the 
orthographic camera projection looks better and 





























































a) Gunung Kemerlong setting as perspective 
camera projection     
b)  Gunung Kemerlong setting as orthographic 
camera projection  igure 4.0: Comparison of silhouette edges using 
ifferent camera projection. 
       The third approach involves rotating the object 
 y direction at 20%, 40%, 60% and 80% from the 
riginal camera projection. Figure 5.0 shows the 
age of the result. The calculation for the 




Calculation for 20% rotation 
 
tan θ = 2/10  
      θ = tan-1 0.2 
      θ = 0.197396 
 
degree = θ * 180 
      PI   
           = 11.31 






















































Figure 5.0: Comparison of silhouette edges using 
different y direction. 
 
The result showed that, all of the terrain in each 
orientation seems to produce different results from 
less silhouette edges to more silhouette edges. The 
results on Figure 5(a) showed many areas on the 
terrain are loss information of the silhouette edges 
but for Figure 5(d) gave better results by showing 
many information of the terrain slope and breaking 
slope more clearly. 
a) Bukit Pandan DEM shown using orthographic 
camera projection set as 20%. 
           The fourth approach involves setting the 
terrain using different scaling in perspective camera 
projection. In terrain image, it is necessary to use 
different values of scaling, to make them look 
correct, otherwise if the terrain image is drawn with 




























a) Gunung Kemerlong setting as perspective 
camera projection  and scaling by 1 
c) Bukit Pandan DEM shown using orthographic 


























b) Gunung Kemerlong setting as perspective 
camera projection  and scaling by 3 b) Bukit Pandan DEM shown using orthographic 
camera projection set as 40% igure 6.0: Comparison of silhouette edges using 
ifferent scaling in perspective projections. 
igure 6.0 shows the effect of changing the scaling in 
erspective camera projection for showing the terrain 
age. It can be observed that the image in scaling 
y 1 shows the terrain images are being too flat and 
alf of the silhouette edge has been lost. In contrast 
ith the other terrain image, the image is shown 
ore clearly but some of the lines in the slope area 
ok joined together. 
      The last approach is by comparing the silhouette 
dges in different place around Sik District.  d) Bukit Pandan DEM shown using orthographic 
camera projection set as 80%  














6.  Conclusion 
 
b) Silhouette edges of Gunung Kemerlong 
 
On the whole, silhouette rendering algorithms are 
found to be sufficient enough for visualising the 
terrain as an artistic sketch. The results of silhouette 
rendering algorithms that created from topography 
map using vectorisation technique are giving the 
same results as the data that taken from the real 
terrain [16]. By setting the edges as a different type 
of line and setting different camera projections, the 
user can get different information from terrain image. 
The area chosen for this investigation is very 
important, in order to produce a good terrain image 
where the hilly area like Gunung Kemerlong is 
producing a good terrain image rather than terrain 
















c) Silhouette edges of Bukit Pandan 
         This research may contribute to the many areas 
such as farming, geographical, environmental, 
cartography and real estate. All of these areas can 
apply this research for investigation in any areas in 
Malaysia in term of terrain information. By using this 
research, the user can visualise the terrain as 
silhouette edges as long as they have topography 
maps for the area. This is one of a main advantage 
for this research. 
 















d) Silhouette edges of Bukit Tanah Liat 
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